The aim of the study was to evaluate the role of the longus colli muscles in cervical vertigo.
Introduction
Vertigo is 1 of the 20 most common causes of medical consultation in adult patients; in 80% cases, the symptoms are so severe that medical intervention is required. [1] One form of vertigo, cervical vertigo, is caused by neck disorders and is the most controversial. [2] Several hypotheses about cervical vertigo have been put forward, [3, 4] but no study has investigated the relationship between the longus colli muscle and cervical vertigo. Previous studies have focused mainly on how the deep cervical flexor (DCF) muscles affect chronic neck pain. [5, 6] The longus colli are deep prevertebral muscles consisting of 3 parts. They originate on the anterior aspects of the vertebral bodies from C5 to T3, the anterior tubercle of the transverse processes of C3 to C5, and the sides of the T1 to T3 vertebral bodies bilaterally. [7, 8] One study reported that longus colli muscles diverge laterally and have a close relationship with the sympathetic trunk. [9] We have observed clinically that the distance between the inner edges of the longus colli appear related to the type of cervical spondylosis, that is, the shorter the distance, the more likely that the patient will develop cervical vertigo. However, there is a lack of evidence of this relationship in the literature. Therefore, the aims of this study were (1) to determine whether the longus colli muscles are associated with cervical vertigo, (2) to determine the relationship between the longus colli and cervical stability, and (3) to determine whether anterior cervical discectomy and fusion (ACDF) can lead to a good prognosis for cervical vertigo.
Materials and methods

Ethics statements
Given the retrospective nature of the study, written consent was not obtained. However, we got the oral consent from all participants in the study by telephone contact, and patient records were anonymized and deidentified prior to analysis. Then, related data were extracted from hospital's electronic and written medical records. The study was reviewed and obtained the approval from Institutional Review Board of East Hospital, Tongji University.
Study population
We retrospectively identified 146 adult patients who underwent ACDF in our department during 2014. Patients diagnosed with cervical injury, tumor, infection, or hematoma, or who had previous cervical spine surgery were excluded. Cervical vertigo was diagnosed as follows: (1) obvious sympathetic symptoms such as vertigo, headache, tinnitus and palpitation, and so on; (2) careful diagnosis of cervical spondylosis with disc degeneration or definite spinal cord compression on MRI or cervical instability on x-ray; and (3) patients who suffered from neurological diseases, cardiovascular diseases, Ménière's disease, menopausal syndrome and neurosis, and so on, are excluded after consulting the otolaryngology and neurology departments. All the included patients were not alleviated of their symptoms after 3 months' strict conservative therapy including cervical immobilization, traction, physiotherapy, and medication. All together, 116 patients were included in this study. Forty-six patients were set in the vertigo group and 72 patients with cervical radiculopathy, myelopathy, or radiculomyelopathy were in the nonvertigo group. Sex, age, body mass index (BMI), and presence of hypertension or diabetic mellitus (DM) were recorded.
X-ray assessment
Preoperative and postoperative sagittal cervical Cobb angles were measured and recorded in degrees. The global cervical Cobb angle was measured by first drawing 2 lines, 1 parallel to the inferior endplate of the C2 vertebra, and the other parallel to the superior endplate of the C7 vertebra [10] (Figs. 1B and 2B). Cervical instability was diagnosed using White's criteria: (a) more than 3.5 mm of horizontal displacement of 1 vertebra in relation to an adjacent vertebra measured on lateral roentgenograms (resting or flexion-extension), and (b) a difference of >11 degrees of rotation compared with that of either adjacent vertebra measured on a resting lateral or flexion-extension roentgenogram. [11] Preoperative resting anteroposterior and lateral radiographs are shown in 
MRI protocol and data analysis
Prior to the study, we obtained cervical magnetic resonance imaging (MRI) for each subject. The MRI scans were obtained using a 3.0-tesla unit and phased-array spine coil with sagittal T1-weighted turbo spin echo, sagittal T2-weighted turbo spin echo, and axial T2-weighted turbo spin echo imaging protocol for ). The severity of cervical disc degeneration was graded according to the 5-level system of Miyazaki et al, [12] with a higher grade indicating more severe degeneration. All data were collected by 1 experienced surgeon who was blinded to patients' identities to diminish the measurement error.
Japanese orthopedic association scores and severity of cervical vertigo
Neurological function was assessed using the 17-item Japanese Orthopedic Association (JOA) score, [13] with higher scores representing better neurological function. Severity of cervical vertigo was assessed according to the standard of the American Academy of Otolaryngology-Head and Neck Surgery Committee on Hearing and Equilibrium. [14] 2.6. Surgical procedure All patients underwent standard ACDF by the same surgeon. Using the method described by Smith and Robinson [15] and Cloward, [16] a right anterolateral approach to the anterior cervical disc via a 3-cm transverse skin incision was used. During the operation, a Caspar screw distracter was used to distract the involved disc space. A small Kerrison punch and curettes were used to remove anterior and posterior hypertrophic osteophytes, which were later used as bone graft material, and to perform cervical discectomy. The upper and lower endplates were prepared by removing the cartilage. Following this, with slight distraction of the disc space with the Caspar screw distracter, trialing was performed and a polyetheretherketone (PEEK) cage of appropriate size was selected. The inner cavity of the PEEK cage was then packed with the local bone chips obtained from removal of the anterior hypertrophic osteophytes. Anterior cervical plates were used in all patients. Surgical levels were decided by definite MRI finding of disc degeneration, spinal cord compression, or cervical instability on x-ray. Postoperative images are shown in Figs. 1G and H and 2G and H.
Statistical analysis
Data are presented as mean ± standard deviation. Age, BMI, JOA score, vertigo score, Cobb angle, CSA, inner distance, and Miyazaki score were compared using unpaired t tests. Sex and incidences of hypertension, DM, and instability were compared using the chi-square test. Differences with a P value < 0.05 or 0.01 were considered statistically significant. Pearson correlation analysis was adopted to identify the relationship between inner distance or CSA of longus colli and severity of disc degeneration. All statistical analyses were performed using the IBM SPSS 
Results
The vertigo group (n = 44; 18 males; mean age 53.81 ± 9.55 years) and the nonvertigo group (n = 72; 30 males; mean age 58.29 ± 9.86 years) show no intergroup differences in sex, age, BMI, and presence of hypertension and diabetes mellitus (Table 1) . Table 2 presents pre-and postoperative results of JOA scores, vertigo scores, and Cobb angles. The mean preoperative JOA score was higher in the vertigo group than in the nonvertigo group (P = 0.037), but no difference in the mean JOA score was seen between groups postoperatively. Mean JOA scores increased significantly postoperatively in both the vertigo and nonvertigo group (P = 0.002 and P = 0.001, respectively). The mean vertigo score decreased significantly from pre-to postoperatively in the vertigo group (P = 0.023). The mean preoperative Cobb angle was significantly smaller in the vertigo group than in the nonvertigo group (P <0.001), but there was no significant difference between groups postoperatively. After ACDF, the mean Cobb angle increased significantly in the vertigo group compared with preoperatively (P <0.001) ( Table 2) . The rates of instability of C3/4 and C4 /5 were significantly higher in the vertigo group (P <0.001 and P <0.001, respectively), but no significant intergroup differences were seen in instability of C2/3, C5 /6, and C6/7. The inner distance of longus colli was significantly shorter (P = 0.032 and P = 0.026, respectively), and CSA significantly smaller (P = 0.041 and P = 0.035, respectively), at C3/4 and C4/5 in the vertigo group than in the nonvertigo group, but the differences were not significant at C2/3, C5/6, and C6/7. Mean Miyazaki scores were significantly higher in the vertigo group at C3/4 and C4/5 (P = 0.044 and P = 0.037, respectively), but the differences were not significant at C2/3, C5/6, and C6/7 (Table 3) . Moreover, a shorter inner distance was related to a higher Miyazaki score (r = -0.38, P = 0.026 of C3/4; r = -0.41, P = 0.019 of C4/5) and a smaller CSA of longus colli did as well (r = -0.26, P = 0.017 of C3/4; r = -0.33, P = 0.012 of C4/5).
Discussion
Colledge et al [17] suggested that cervical spondylosis is the second most frequent cause of vertigo in the elderly. However, because of the lack of a specific diagnostic test, cervical vertigo is a controversial entity. [4] According to our experience, a strict diagnose of cervical vertigo should be based on patients' episode of sympathetic cervical spondylosis with other vertigo-inducing causes excluded. Several hypotheses regarding the etiology of cervical vertigo, such as neurovascular, somatosensory input, vascular and cervical instability, have been put forward. [4] In the present study, we used MRI to investigate the relationship between the longus colli muscles and cervical vertigo.
In recent years, researchers have focused on identifying and quantifying deficits in the DCF muscles in patients with neck pain. [18] [19] [20] [21] Deficits in strength and endurance of the DCF muscles Table 3 Comparison of radiography characteristics between the 2 groups in different disc levels. have been demonstrated in patients with chronic neck pain, [20] and some authors have observed that the CSA of the longus colli was smaller in patients with ossification of the posterior longitudinal ligament than in healthy control subjects. [18] In the present study, shorter inner distance and smaller CSA of the longus colli at C3/4 and C4/5 were observed in the vertigo group. The rates of instability of C3/4 and C4 /5 were significantly higher, and the cervical spine significantly straighter, in the vertigo group than in the nonvertigo group preoperatively. Low activation of the DCF muscles has been shown to be associated with smaller muscle size, and a smaller muscle CSA is considered synonymous with atrophy and impairment; therefore, the size of the DCF muscles can be a good indicator of the significant stabilizing function of these muscles. [20] [21] [22] For this reason, we suspected that a shorter inner distance and smaller CSA would represent weaker longus colli muscles, which could lead to cervical spine instability and cause vertigo symptoms. Furthermore, in our study, we observed that a shorter inner distance and smaller CSA of longus colli were related to more severe disc degeneration, which also indicates that the weaker DCF is related to cervical dysfunction.
According to Falla et al [23] many proprioceptors are distributed over the longus colli and longus capitis muscles. Because these proprioceptors provide postural information as quickly as possible with early contraction during movements of the head or upper limbs, they facilitate suitable movements depending on the stability and posture of the neck region. However, atrophy of the longus colli muscles in patients with chronic neck pain can restrict neck stabilization during head or upper limb movements, resulting in unnatural and nonfunctional mobility of the neck, thus leading to cervical instability and cervical vertigo.
Researchers have also reported on the proximity of the longus colli muscles to the sympathetic trunk and the close relationship between these structures. [24, 25] The sympathetic trunk would receive more stimulation from an unstable cervical spine, which could cause the sensation of vertigo; an unstable cervical spine would also cause friction on the cervical discs, which would exacerbate disc degeneration process. Future studies that attempt to analyze muscle the strength and the relationship between the sympathetic trunk and longus colli muscles are warranted.
In terms of treatment of cervical vertigo, all patients in the present study had a good prognosis from cervical vertigo after ACDF, and the mean Cobb angles increased significantly in the vertigo group. This could have resulted from postoperative stability of the cervical spine. Indeed, some studies have suggested that, because vertigo symptoms probably originate from irritation of the sympathetic trunk, nerve blockade and surgical denervation are 2 effective treatments. [26] [27] [28] It has also been suggested that routine ACDF with resection of the posterior longitudinal ligament could provide relief of sympathetic symptoms [29, 30] . A number of interventions have focused on strengthening and re-training the longus colli muscles to improve function. [31] One neck-stabilization exercise attempts to flatten the curvature of the cervical spine without head movement by having patients lie in a supine position and perform chin nodding directed into the occiput, which selectively contracts the longus colli and longus capitis muscles. [32] Moon et al [31] also reported that cocontraction of the masticatory muscles during neck stabilization exercise can help to increase the thickness of the longus colli muscle. Falla et al [19] confirmed that reduced performance of the craniocervical flexion test was associated with dysfunction of the DCF muscles and suggested that this was a valid test for patients with neck pain. Gong [33] reported that massage of the longus colli muscles can be performed on inpatients who cannot perform neck-stabilizing exercises, or before performing other neckstabilizing exercises. Physical therapy may therefore be a good choice for patients with longus colli muscle dysfunction. Our study had some shortcomings in addition to its small sample size. First, we investigated only the longus colli, but stability of the cervical spine is maintained by a number of cervical muscles. Second, we did not use electromyography to confirm our suspici on that with a larger CSA and longer inner distance was associated with greater muscle strength. Third, the mechanism of cervical vertigo and disc degeneration with respect to the longus colli muscles was not thoroughly investigated and should be studied in the future.
Conclusion
MRI evaluation of 116 patients who underwent standard ACDF revealed that patients with shorter inner distance and smaller CSA of the longus colli muscles might have a greater tendency to develop cervical instability, and they were more likely to suffer from cervical vertigo and disc degeneration. ACDF was a suitable choice for patients with cervical vertigo.
